An efficient synthetic route starting from 1,3,5-trimethylbenzene is described for binary 1,3,5-triazido-2,4,6-tricyanobenzene. Besides 1,3,5-triazido-2,4,6-tricyanobenzene, all intermediates have been isolated and fully characterized.
Introduction
Benzonitriles and organic azides are of particular importance as components of dyes, herbicides, natural products, and drugs [1 -6] . For example, it is possible to convert the nitrile group into a variety of other functional groups. Therefore benzonitriles are important intermediates for the synthesis of biologically important structures such as benzoic acid derivatives, benzyl amines, benzyl amides, and heterocyclic compounds. Due to the diverse applications of benzonitrile numerous synthetic possibilities have been developed. In particular, the Rosenmund-von-Braun reaction [7] (reaction of aryl halides with copper(I) cyanide) and the Sandmeyer reaction [8] (reaction of arene-diazonium salts with copper(I) cyanide) are used. The problem of both methods is the formation of stoichiometric amounts of heavy metal salts. Therefore, today aryl cyanides are produced primarily by the ammoxidation of the corresponding toluenes [9, 10] . This process requires harsh reaction conditions and shows a lack of tolerance of other functional groups.
Another way to generate the nitrile group is the stepwise construction of a CN moiety by application of a series of classical organic synthesis steps as shown in Scheme 1. Here we report on the stepwise synthesis and full characterization of binary 1,3,5-triazido-2,4,6-tricyanobenzene.
Results and Discussion

Synthesis
As starting material for the synthesis of 1,3,5-tribromo-2,4,6-trimethylbenzene (2), commercially available 1,3,5-trimethylbenzene (1) was used. Different bromination reactions were attempted [11 -17] , however, the utilization of Br 2 /AlBr 3 gave the best results (Scheme 1). For this reason, 1,3,5-trimethylbenzene (1) was dropped slowly at 0 • C to a mixture of bromine and aluminum bromide [12] to obtain 1,3,5-tribromo-2,4,6-trimethylbenzene (2) .
Bromination of the methyl groups of 2 leads to 1,3,5-tribromo-2,4,6-tris(bromomethyl)benzene (3) [12 -20] . To a solution of 2 in 1,2-dibromoethane bromine is slowly added drop wise, and the reaction mixture is heated. The beginning of the radical chain reaction is indicated by the resulting hydrogen bromide gas. The product 3 precipitates and can be filtered and purified. By means of NMR spectroscopy the progress of the reaction is easily followed.
Starting with 3, 1,3,5-tribromo-2,4,6-tris(hydroxymethyl)benzene (4) can be synthesized in a two-step reaction [12, 13] . A suspension of 3 and potassium acetate in DMF is heated. After purification, the substitution product in which the bromomethyl groups were exchanged by acetoxymethyl groups is hydrolyzed to the desired product by heating in potassium hydroxide solution. After cooling, the suspension is neutralized, and the resulting product 4 is filtered off.
2,4,6-Tribromo-1,3,5-benzenetricarbaldehyde (5) can be generated by selective oxidation of 4. As oxidizing agents chromium(VI) reagents (chromium trioxide, chromic acid, chromates), manganese(IV) oxide, halogen compounds (chlorine, hypochloric acid) and dimethyl sulfoxide are commonly used [21] . Compound 4 was suspended in a mixture of water/dichloromethane, and NaOCl and KBr were added besides TEMPO (2,2,6,6-tetramethyl-piperidin-1-oxyl). The suspension was stirred for 2 days. The resulting compound 5 is soluble in dichloromethane in contrast to 4. One advantage of the oxidation with TEMPO is that over-oxidation during the long reaction time is not possible. Another advantage is the possibility to recover the unreacted starting material by filtering.
2,4,6-Tribromo-1,3,5-tris(hydroxyiminomethyl)-benzene (6) is easily synthesized from compound 5 by addition of hydroxylamine. It was found that the reaction proceeds most efficiently in the presence of an acid. Therefore we used hydroxylamine hydrochloride. In the 13 (7) is obtained by dehydration of the oxime group which can be achieved by dehydrating agents such as carbon disulfide [22] , thionyl chloride in dichloromethane [23] , pyridine and trifluoroacetic anhydride in 1,4-dioxane [24] , pyridine and methanesulfonyl chloride [25] . In the synthetic route applied, the aldoxime was heated with acetic anhydride [26] . After purification the corresponding colorless nitrile compound (7) is obtained. IR spectroscopy provides a simple way to detect the dehydration of the hydroxyimino groups in 6 to the cyano groups in 7. The product shows the typical CN stretching vibration at ν = 2232 cm −1 . 13 C NMR spectroscopy can also be used to study the transformation of 6 to 7 as illustrated by a significant upfield shift from δ = 147.5 in 6 (R-CH=NOH) to 115.0 ppm in 7 (R-CN).
Finally, 1,3,5-triazido-2,4,6-tricyanobenzene (8) is obtained by a halogen/pseudohalogen exchange reaction. Compound 7 and sodium azide are heated in acetonitrile [26] . 1,3,5-Triazido-2,4,6-tricyanobenzene (8) represents a thermally stable binary CN compound with two different alternating functional groups. Although an organic azide, it is neither heat (<160 • C) nor shock sensitive, but at temperatures above 160 • C it decomposes violently.
It is known that organic azides, in order to be nonexplosive, should have a smaller number of nitrogen atoms compared to the number of carbon atoms, and the quotient of the number of carbon and nitrogen atoms should be larger than three [27] . For triazide 8 with the chemical formula C 9 N 12 both conditions are not fulfilled. The number of nitrogen atoms significantly exceeds the number of carbon atoms, and the quotient is only 0.75.
Substitution of all three bromine atoms in 7 by azido groups in 8 leads to a significant change in the chemical shifts of the resonance signals in the 13 C NMR spectra δ = 136.0, 117.0 and 115.0 ppm in 7 vs. 149.7, 110.2 and 95.6 ppm in 8. The vibrational spectrum of the triazide 8 features the presence of covalently bonded azido ligands by the strong asymmetrical stretching modes in the range 2300 -2000 cm −1 (besides ν CN ), the symmetrical stretching modes at 1400 -1200 cm −1 and the deformation modes at 700 -600 cm −1 [5] . The presence of more than one azido/cyano ligand results in in-phase and out-of-phase coupling giving rise to strong and very broad asymmetric stretching modes of the azide groups.
X-Ray crystallography
The structures of compounds 3, 4 and 8 have been determined. Table 1 presents the X-ray crystallographic data. X-ray quality crystals were selected in Kel-F-oil (Riedel deHaen) or Fomblin YR-1800 (Alfa Aesar) at ambient temperature. All samples were cooled to -100(2) • C during measurements. The molecular structures of 3, 4 and 8 are shown in Figs. 1-3 , respectively, along with selected bond lengths and angles. We want to focus the discussion on the target molecule, the triazido species 8.
Compound 8 crystallizes in the orthorhombic space group P2 1 2 1 2 1 with four formula units per cell. The asymmetric unit consists of one almost C 3h -symmetric molecule. There are no significant intermolecular interactions within the unit cell. The molecules are stacked parallel to each other. As shown on numerous occa- 
Conclusion
Binary 1,3,5-triazido-2,4,6-tricyanobenzene was obtained in a novel seven-step synthetic protocol. This efficient synthetic route starts from 1,3,5-trimethylbenzene and leads via successive introduction of functional groups such as -CHO, -CHOH, -CHNOH, and finally -CN to the product. It is interesting to note that the binary CN compound, triazide 8, possesses formal (C 3 N 4 ) 3 stoichiometry and might be used as precursor for CN-based materials. 
Experimental Section
Unless otherwise described, all manipulations were carried out under oxygen-and moisture-free conditions under argon using standard Schlenk techniques. All chemicals were commercially available and used as received. 1 H and 13 C{ 1 H} NMR spectra were recorded on Bruker spectrometers Avance 250, 300, or 500. The 1 H and 13 furnance was flushed with dry nitrogen. For the evaluation of the output the STAR e software was employed.
1,3,5-Tribromo-2,4,6-trimethylbenzene (2)
To a 1-L 3-necked flask containing aluminum bromide (0.27 g, 0.001 mol) and bromine (96 g, 0.6 mol) fitted with appropriate vents to accommodate the large quantities of HBr gas produced in this reaction, 1,3,5-trimethylbenzene (12 g, 0.1 mol) is added slowly within 1.5 h at 0 • C. Then the mixture is allowed to warm to room temperature and stirred for 2 d. After the addition of 50 mL of water, the crude product is filtered, washed with water and recrystallized from 
1,3,5-Tribromo-2,4,6-tris(hydroxymethyl)benzene (4)
To 150 mL of DMF are added 1,3,5-tribromo-2,4,6-tris(bromomethyl)benzene (14.9 g, 0.025 mol) and KOAc (14.7 g, 0.150 mol). The mixture is heated to 80 • C for 20 h and then cooled to r. t., treated with 100 mL of water, poured into CH 2 Cl 2 , and extracted. The organic layer is washed with water, dried with Na 2 SO 4 . After evaporation of the solvent, to the residue is added aq. KOH (14 g, 0.250 mol) and the mixture stirred and heated to 90 • C for 24 h. The reaction mixture is cooled, neutralized, and the colorless solid filtered off and washed with small amounts of MeOH and Et 2 O to give the final product (9.2 g, 92 %). -DSC: onset 262 • C, 314 • C (dec). - 13 
